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(57) To overcome the dilemma on device design in 
control of waveguide mode experienced in the 
conventional weak wave-guide-iaser and SCH 
structure laser, realize higher output and lower 
dispersion of radiation beam, and improve the 
waveguide mode, on both sides of an active 
layer (4), carrier blocking layers (3,5) for reduc- 
ing the waveguide function of the active layer 
are provided, and waveguide layers (2,6) are 
provided on both outer sides of the carrier 
blocking layers, and cladding layers (1,7) are 
provided on both outer sides of the waveguide 
layers, the active layer (4) is lamination of side 
barrier layers (12,14) and a quantum well layer 
(13) sandwiched therebetween, or side barrier 
layers, and a quantum well layer and a barrier 
layer sandwiched therebetween, the compo- 
sition of the quantum well layer is Ga^n^yAs 
(0,6<y<1.0), and the carrier blocking layers are 
made of a material having a wider band gap and 
a lower refractive index than the material of the 
waveguide layers. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

s The present invention relates to industrial fields employing high power semiconductor lasers, including, 

among others, communications, optical disks and other optical recording, laser printers, laser medical appli- 
cations, and laser machining. More particularly, it relates to a high power semiconductor laser for exciting solid 
state laser or exciting a harmonic (generation device) that may require a laser beam with low radiation angle 
and high power. 

10 

2. Description of the Related Art 

Higher outputs of semiconductor lasers have been demanded in various fields. One of the factors that im- 
pede higher output per single mode in a semiconductor laser is an end face (facet) melting by laser beam, called 
is catastrophic optical damage (COD). To avoid the COD, with a main purpose of reducing the power density of 
laser by expanding the waveguide mode (near field pattern), weak waveguide lasers having a thin active layer 
and separate confinement type lasers called large optical cavity (LOC) structure have been studied. 

In such structures, however, since there is a close correlation between the band gap and refractive index 
of each mixed crystal system such as AIGaAs compound, carrier confinement and light confinement into a wa- 
20 veguide cannot be controlled independently. 

In particular, whether in weak waveguiding laser or in LOC structure laser, in order to get a higher output, 
a thin active layer is needed for expanding a waveguide mode, whereas a thicker active layer is needed to 
obtain a high gain for laser oscillation in an expanded waveguide mode, and because of such contradiction, 
actually, the mode expansion in the epitaxial direction by such technique is limited to about 1 |im at most, and 
25 its output is limited at about 1 00 mW for single mode. 

In the weak waveguide laser having a thin active layer, since the waveguide mode in the epitaxy direction 
has an inverted- V profile with exponential tails, the radiation density in the active layer where COD may occur 
is higher for certain entire beam intensity, and it is not only disadvantageous for higher output, but also growth 
of a relatively thick cladding layer is needed because the waveguide mode draws a deep tail into the cladding 
30 layer. 

Moreover, in both waveguide mode and radiation pattern (far field pattern), there is a large deviation from 
the ideal Gaussian beam, and the beam focusing characteristics presents a problem in many applications. 

Studies have been also made into the so-called window structure for making the vicinty of the exit facet 
where COD may occur transparent to the laser exit beam, and the laser with the structure for not injecting car- 
35 rier near the facet. These structures are generally complicated in manufacturing process, and are increased 
in astigmatism, among other problems. 

It is also attempted to fabricate a single-mode high-power laser by optical feedback among multiple sem- 
iconductor lasers, but the device is complicated and other problems are involved. 

40 SUMMARY OF THE INVENTION 

In the light of the recent background that multiple thin layers can be easily formed by MBE (molecular beam 
epitaxy) method, MOCVD (metal organic chemical vapor deposition) method, and others, it is hence a primary 
object of the invention to overcome the dilemma on device design in control of waveguide mode experienced 
45 in the conventional weak waveguide laser and LOC structure laser, realize higher output and lower divergence 
of radiation beam, and improve the waveguide mode. 

The invention has the following means to achieve the object. 

That is, in a semiconductor laser device, on both sides of an active layer, carrier blocking layers for reducing 
the waveguiding function of the active layer are provided, and waveguide layers are provided on both outer 
50 sides of the carrier blocking layers, and 

cladding layers are provided on both outer sides of the waveguide layers. The active layer is a lamination 
of side barrier layers and a quantum well layer sandwiched therebetween, or a lamination of outermost side 
barrier layers, and at least two quantum well layers and a barrier layer sandwiched between adjacent quantum 
well layers, the composition of each quantum well layer is Ga y ln v yAs (0.6<y<1 .0), and the carrier blocking layer 
55 is made of a material having a wider band gap and a lower refractive index than the material for the adjacent 
waveguide layer. 

Herein, it is difficult to determine the refractive index by directly measuring in a thin layer state. Accordingly, 
a bulk value is used for the refractive index of the AIGaAs layers. This value is mentioned, for example, in the 
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publication, Journal of Applied Physics (USA), Vol. 60, No. 2, 15 July, 1986, P.754-767. 

As for GalnAs, there is no detailed data about dependence of the reflective index in bulk on the wavelength 
and composition, but it can be determined, for example, in one of the following methods. That is, (1) a bulk is 
prepared and measured, (2) it is estimated from the band gap of GalnAs, and (3) the refractive index is de- 

5 termtned so as to be fitted by calculation with the radiation pattern (far field pattern) of output light of the sem- 
iconductor laser using the quantum welt layer of GalnAs. 

The invention also provides a semiconductor laser device, in which carrier blocking layers are provided 
on both outer sides of an active layer formed in a vertical direction from the device surface, the active layer 
is a lamination of side barrier layers and a quantum well layer sandwiched therebetween, or side barrier layers, 

10 and a quantum well layer and a barrier layer sandwiched therebetween, waveguide layers are provided on both 
outer sides of the carrier blocking layer, cladding layers are provided on both outer sides of the waveguide lay- 
ers, the composition of the quantum well layer is A^Ga^As (0^x^0.2) or Gaaln^zAs (0.6<z<1.0), the com- 
position of the carrier blocking layer is A^Ga^ K As or (Al y Ga t . y ) z lnnP (0^y<0.3, 0.20^z^0.83), and the wave- 
guide layer and cladding layer are made of GaAs or mixed crystal semiconductor of AlAs and GaAs. 

15 In this constitution, carrier blocking layers having a sufficient height for confining the carrier into the active 

layer are provided on both sides of the active layer of the quantum well laser. The composition of the carrier 
blocking layer is A^Ga^As or (AlyGa^ykln^P, where the range of y is desired to be 0^y<0.3, and z to be 
0,20^z^0.83, and x can be restricted by Al content of wave guide layer. 

By employing (AlyGa^y^ln^zP composition, as compared with A^Ga^As having the same block height, 

20 the content of Al is less, and elevation of power level for initiating COD is expected. Further, the band gap of 
AlxGa^xAs is 2.2 eV (when x = 1.0) at maximum, while that of (AlyGa,. y)o.5i'no.49 p is 2.4 eV even in the direct 
band gap region, so that it can cope with the shortening of oscillation wavelength. (AlyGa^ y )o.5iln 0 . 4 9P is lattice- 
matched with GaAs, but lattice-mismatching (AlgGat.y^lrn. Z P), needless to say, is valid as far as Z is in a range 
of 0.20 to 0.83, i.e., in strained super-lattie scheme not causing lattice relaxation. 

25 When the thicknesses of the active layer region and carrier blocking layer is set to be small enough com- 

pared with the oscillation wavelength, the waveguiding functions of the active layer region and carrier blocking 
layer can be canceled out. In such conditions, the waveguide layer and cladding layers having a low refractive 
index on both sides of waveguide layer or a wide waveguiding layers composed of linear or quadratic graded 
index structure are formed only for the control of light guide. As a result, designing the waveguide mode com- 

30 pletely Independent of the active layer design parameter, is possible, so that a waveguide mode close to a 
Gaussian beam of high output and low divergence angle may be obtained. 

In the conventional structure, in order to have a higher output of the quantum well semiconductor laser 
by avoiding COD of the facet or to reduce the beam radiation divergence angle, it is necessary to expand the 
waveguide mode by setting to so-called weak waveguide. In the optical gain in the active layer, however, there 

35 is a certain limit as seen in the gain saturation of the quantum well laser, for example. Accordingly, for main- 
taining the oscillation in the expanded wavegllide mode, as a matter of course, further multilayering of the quan- 
tum well is required, and it causes contradiction with the weak waveguide structure, and hence it was a di- 
lemma in the designing the laser diode of high output and low radiation beam angle. 

Owing to the presence of the carrier blocking layer possessing the anti-waveguide function, the number 

40 of quantum wells for giving an optical gain necessary for its oscillation can be set independently of the weak 
waveguide forming. In particular, after canceling the waveguiding function of the active layer region with the 
anti-waveguiding function of the carrier blocking layer, it is possible to introduce a waveguide mode control 
structure having a refractive index distribution of stepped, linear or quadratic curve as shown in Figs. 1 A-1C, 
separately in the waveguide layer. 

45 in this carrier blocking layer, by doping about 10 18 /cm 3 of p-type dopant on p-side and n-type dopant on 

n-side, the effective carrier blocking and the reduction of electric resistance due to the Schottky barrier at the 
band discontinuities are achieved. 

More specifically, the cancellation of the waveguiding functions around the active layer region is consid- 
ered as follows. 

50 The normalized frequency V 0 as an index to the waveguiding function of the active layer is defined as the 

following formula. 

V 0 = *-d, /MN, 2 - No 2 ) 0 5 
In the case of a multi-quantum well having m quantum well layers, the normalization frequency V 0 is de- 
fined as the following formula. 
55 V 0 = m-icd, / k- (H A 2 - N 0 2 ) 0 - 5 

On the other hand, the index V, to the anti-waveguiding function of a carrier blocking layer having a low 
refractive index is defined as the following formula. 
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V< = jt d 2 / X(N 0 2 - N 2 2 )°- 5 t 
where n is the ratio of the circumference of a circle to its diameter, X is the oscillation wavelength, N 0 
is the refractive Index of waveguide layer (the maximum value is employed where there is a refractive index 
distribution in the waveguide layer). d t is the thickness of a quantum well layer, N A is the refractive index of 
5 quantum well layer, d 2 is the thickness of carrier blocking layer, and N 2 is the refractive index of carrier blocking 
layer. * 

V 0 = 2V, is a requirement for the cancellation of the waveguide functions of the active layer and carrier 
blocking layer, and when 1 2V, - V 0 | < V,, that is Vq/3 < V^Vq, the cancellation is nearly realized. 

When the waveguiding functions of the active layer and carrier blocking layer are canceled, the waveguide 
10 . mode can be independently controlled by the surrounding waveguide layer and cladding layer. In any structure 
as shown in Figs. 1 A-1C, the cut-off status for higher mode is desired for the sake of single mode oscillation. 
Concerning the waveguide structure of step index type in Fig. 1A, this waveguide mode can be described by 
normalized frequency V 2 , and V 2 can be defined in the following formula. 

V 2 = k -da/X -(No 2 - N 3 2 ) 0 - 5 

15 where n is the ratio of the circumference of a circle to its diameter, X. is the oscillation wavelength, d 3 is the 
thickness between both cladding layers, and N 3 is the refractive index of cladding layer. Incidentally, since the 
waveguide mode is a sine-functional profile in the waveguide core layer, and exponential tails into the cladding 
layers, the waveguide mode is brought close to the Gaussian function with the increase of the normalization 
frequency V 2 . In the symmetric slab waveguide, when the normalization frequency V 2 is less than rc/2, it is a 

20 single-mode waveguide. In the waveguide structure close to symmetry, the probability of excitation of odd- 
number order mode is almost nil, and therefore by raising the normalization frequency V further up to about 
k to bring the mode closer to the Gaussian profile, the same effect is obtained without inducing odd-number 
order mode oscillation. In all embodiments, V 2 is designed to be close to k. 

Even in the case of V 2 > rc, fundamental mode oscillation will be obtained, since higher order modes have 

25 additional coupling loss with the substrate and cap layer (actually, in all embodiments with V 2 = 1.1 n, we ob- 
served fundamental mode oscillation). 

Therefore, fundamental mode operation with near Gauswsian prif iles will be realized in the range, rc/3 < 
V 2 < 2n. 

By calculating the waveguide mode in the multi-layered structure, an waveguide mode close to the Gaus- 
30 sian profile, nearly realized under the condition of V, < V 2 /10. 

Furthermore, by the use of the graded index structure as shown in Figs. 1B, 1C, the oscillation mode can 
be further brought closer to the Gaussian profile. 

The carrier blocking layer must confine the carrier effectively in the active layer. The inventors repeatedly 
fabricated trial semiconductor lasers and discovered that, when the composition of the carrier blocking layer 
35 is AI^^Ga,. z . (fcAs, and the composition of the waveguide layer is Al z Ga v 2 As (when z is changing, the minimum 
value is employed), and the thickness of the carrier blocking layer is d 2 (angstroms), the carrier can be effec- 
tively confined in the active layer on condition that 

dz> 2.2 x l0 3 /d 2 2 . 
At the same time, the near Gaussian mode profile condition 
^ V,<V 2 /10 
can be expressed by using dz, d 2 as follows 

dz< 5.0 x 10 4 /d 2 2 

Owing to this effect, as compared with the conventional separated confinement hetero- structure (SCH), a clad- 
ding layer with a lower Al content is realized. 
45 Furthermore, the inventors repeatedly fabricated trilal semiconductor lasers having a carrier blocking layer 

of (AlyCa^y^ln^P and as a result found that more generally, when the relationship of the energy gap E gs (eV) 
of carrier blocking layer, thickness d 2 (angstroms) of carrier blocking layer, and energy gap E gd of waveguide 
layer (eV, the minimum value is employed where there is a distribution in energy gap) is as follows 

E gs - E gd > 2.5 x 10W. 

50 the carrier can be sufficiently and effectively confined in the active layer. Besides, the near Gaussian mode 
profile condition 

V!<V 2 /10 

is, by using E gs , E fld , d 2 , expressed as follows: 

E gs -E gd <6.2 x 10W 

55 Owing to this effect, as compared with the conventional structure of SCH, a cladding layer of lower Al content 
is realized. 

The thickness and composition of carrier blocking layers of p-type and n-type are not always required to 
be equal to each other. In this case, supposing V, of the p-type carrier blocking layer to be V 1p , and V, of the 
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n-type carrier blocking layer to be V 1m and expressing as follows 

V, = (V 1p + V 1n ) / 2.0 
the above discussion can be applied directly. 

The action of the carrier blocking layer having large band gap, low refractive index and an anti-waveguiding 
5 function, provided on both sides of the active layer, serves to reduce or cancel the waveguiding function of 
active layer. Another function is to block the injected carrier, and confine the electrons and holes into the active 
layer. By p-doping or n-doping in this layer, it is possible to reduce the electric resistance and enhance the 
carrier confinement performance. 

In this invention, meanwhile, since the carrier blocking layer effectively blocks the carrier, the Al compo- 
10 sition of the Al x Ga t . x As semiconductor, especially used in the wavequide layer, can be set lower and can be 
set to 0^x<20 when the composition of quantum layer is GalnAs and it contributes greatly to reduction of elec- 
tric resistance and thermal resistance (see Figs. 15 and 16), and the chemical stability is increased at the same 
time. The fabrication process is facilitated. 

The invention hence enables to fabricate a semiconductor laser having a proper beam profile and high 
15 efficiency at a low radiation beam angle. Besides, it is possible to fabricate a high power semiconductor laser 
with a simple structure while avoiding COD on the end face. At the same time, since the electric resistance 
and thermal resistance are low, it is possible to operate at a high current density. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Other and further objects, features, and advantages of the invention will be more explicit from the following 
detailed description taken with reference to the drawings wherein: 

Figs. 1A-1C are schematic sectional views in the epitaxial direction showing the structure of a semicon- 
ductor laser of the invention; 

25 Fig. 2 is a schematic sectional view showing the structure of examples 1-52 of the invention and compar- 

ative example 4; 

Fig. 3 is a schematic sectional view showing the structure of comparative examples 1-3 of the invention; 

Fig. 4 shows near field patterns of examples 1-3 and comparative example 1 of the invention; 

Fig. 5 shows near field patterns of examples 4-8 and comparative example 1 of the invention; 
30 Fig. 6 shows near field patterns of examples 9-13 and comparative example 1 of the invention; 

Fig. 7 shows near field patterns of examples 14-17 and comparative example 1 of the invention; 

Fig. 8 shows diagram expressing the effective range of the carrier blocking layer, with the width of the car- 
rier blocking layer plotted on the axis of abscissa and the aluminum composition difference between the 

carrier blocking layer and the waveguide layer on the axis of ordinate; 
35 Fig. 9 shows near field patterns of examples 18-20 and comparative example 2 of the invention; 

Fig. 10 shows near field patterns of examples 21-25 and comparative example 2 of the invention; 

Fig. 11 shows near field patterns of examples 26-30 and comparative example 2 of the invention; 

Fig. 12 shows near field patterns of examples 31-34 and comparative example 2 of the invention; 

Fig. 13 shows diagram expressing the effective range of the carrier blocking layer, with the width of the 
40 carrier blocking layer plotted on the axis of abscissa and the energy gap difference on the axis of ordinate; 

Fig. 14 shows near field patterns of example 35 and comparative example 2 of the invention; 

Fig. 15 shows graphs of the electric resistivity of AlxGa^As semiconductor; 

Fig. 16 shows a graph of the thermal resistivity of AUGa^xAs semiconductor, and 

Fig. 17 shows the characteristics of the laser power versus injection current of the typical embodiments 
45 (example 33 and 51, and comparative example 4) with the optimized device parameters; the stripe width 

of 50 urn, the cavity length of 900 um, and the optical coatings with ref rectivities of 4% and 96% are applied 
on the front and rear facets. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

50 

Now referring to the drawings, preferred embodiments of the invention are described below. 

Semiconductor lasers of examples 1 to 52 and comparative examples 1 to 4 manufactured by the MOCVD 
semiconductor thin layer manufacturing apparatus are structured as follows. 

First the structure common to examples 1 to 52 is described. As shown in Fig. 2, on an n-type substrate 
55 8 composed of GaAs, an n-type buffer layer 10 of 0.5 urn in thickness was formed, and an n-type cladding 
layer 1 , an n-type waveguide layer 2, an n-type carrier blocking layer 3, an active Iayer4, a p-type carrier block- 
ing layer 5, a p-type waveguide layer, a p-type waveguide layer 6, and a p-type cladding layer 7 were sequen- 
tially formed thereon, and an n-type cap layer 11 was formed as the top layer. 
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In examples 1 to 17, the specific constitution of each layer is as follows. 

n-type cap layer 11 

Thickness : 0,3 jam 

Composition : GaAs 
5 p-type cladding layer 7 

Thickness : 1 .0 jim 

Composition : Alo.15Gao.s5As 

p-type waveguide layer 6 

Thickness : 0.80 ^m 

10 Composition : Alo.05Gao.95As 

n-type waveguide layer 2 

Thickness : 0.80 \xm 

Composition : AI0.05Gao.95As 

n-type cladding layer 1 
15 Thickness : 1.0fim 

Composition: : Alo.15Gao.s5As 

n- type buffer layer 10 

Thickness : 0.5 urn 

Composition : GaAs 
20 n-type substrate 8 

Composition : (100)GaAs 

In examples 18 to 34 and comparative example 4, the specific constitution of each layer is as follows. 

n-type cap layer 11 

Thickness : 0.3 \xm 

25 Composition : GaAs 

p-type cladding layer 7 

Thickness : 1.0 \im 

Composition : Alo.32Gao.53As 

p-type waveguide layer 6 
30 Thickness : 0.40 \xm 

Composition : Alo.5Gao.75As 

n-type waveguide layer 2 

Thickness : 0.40 

Composition : Alo.25Gao.75As 
35 n-type cladding layer 1 

Thickness : 1.0 \xrr\ 

Composition : Alo.32Gao.6eAs 

n-type buffer layer 10 

Thickness : 0.5 \xm 

40 Composition : GaAs 

n-type substrate 

Composition : (100)GaAs 

In example 35, the specific constitution of each layer is as follows. 

n-type cap layer 11 
45 Thickness : 0.3 nm 

Composition : GaAs 

p-type cladding layer 7 

Thickness : 1.0 nm 

Composition : Alo.57Gao.43As 
50 p-type waveguide layer 6 

Thickness : 0.40 ^m 

Composition: Al 0> 5oGa 0 .5oAs 

n-type waveguide layer 2 

Thickness : 0.40 |im 

55 Composition : Al 0 .5oGa 0 .5oAs 

n-type cladding layer 1 

Thickness : 1.0 urn 

Composition : Alo.57Gao.43As 
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n-type buffer layer 10 
Thickness : 0.5 um 

Composition : GaAs 
n-type substrate 8 
5 Composition : (100)GaAs 

The structure of comparative examples 1 and 2 is shown in Fig. 3. On an n-type substrate 8 composed 
of GaAs. an n-type buffer layer 10 of 0.5 |im in thickness was formed, and an n-type cladding layer 1 , an active 
layer 4, and a p-type dadding layer 7 were sequentially formed thereon, and an n-type cap layer 1 1 was formed 
as the top layer. 

10 In comparative example 1 . the specific constitution of each layer is as follows. 

n-type cap layer 11 

Thickness : 0.3 um 

Composition : GaAs 

p-type cladding layer 7 
is Thickness :1.5um 

Composition : Al 0 ,22Gao.78As 

n-type cladding layer 1 

Thickness : 1.5 um 

Composition : Aio.22Gao.7sAs 
20 n-type buffer layer 1 0 

Thickness : 0.5 um 

Composition : GaAs 

n-type substrate 8 

Composition : (100)GaAs 
25 In comparative example 2, the specific constitution of each layer is as follows. 

n-type cap layer 11 

Thickness : 0.3 um 

Composition : GaAs 

p-type cladding layer 7 
30 Thickness :1.5um 

Composition : Alo.65Gao.35As 

n-type cladding layer 1 

Thickness : 1.5 um 

Composition : Alo.65Gao.35As 
35 n-type buffer layer 1 0 

Thickness : 0.5 um 

Composition : GaAs 

n-type substrate 8 

Composition : (100)GaAs 
40 In examples 1 to 35, the active layer 4 is formed in a region enclosed by the p-type carrier blocking layer 

5 and n-type carrier blocking layer 3. with four quantum well layers 13 isolated by three barrier layers 14. be- 
tween side barrier layers 12 provided at inner wall side of the carrier blocking layers 5, 3. In the comparative 

examples, the active layer 4 is formed in a region enclosed by-side barriers 12, with four quantum well layers 

13 isolated by three barrier layers 14. The specific constitution of the p-type carrier blocking layer 5, n-type 
45 carrier blocking layer 3. and active layer 4 differs in each example and comparative example, and is explained 

by referring to Tables 1-13. 
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Table 1 



Layer 


Example 1 


Example 2 


Example 3 


F-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


SO 


200 


500 


Composition: AUGa t -xAs 


x=0.I 


x=0.1 


x=0.1 


Side barrier layer [2 


yes 


yes 


yes 


Thickness (angstroes) 


500 


500 


500 


Composition: AUGaj-^As 


x^O.05 


x=0.05 


x=0.05 


Quantum well layer 13 


yes 


yes 


yes 


Quantity of layer 


4 


4 


4 


Thickness (angstroms) 


80 


80 


80 


Composition: Ga y Inj _ y As 


y=0.8 


y=0.8 


y=0.S 


Barrier layer U 


yes 


yes 


yes 


Thickness (angstroms) 


50 


50 


50 


Composition: AlwGai-«As 


x=0.05 


x=0-05 


x-0.05 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


80 


200 


500 


Composition: Al *Ga i . x As 


x=0.1 


x*0.1 


x*0.1 
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Table 2 



Layer 


C v i ran 1 a A 


tva ran 1 *i 


AO Hip I v D 


P-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


jr CO 


Thickness (angstroms) 




1 c^n 

1 




Composition: AlxGax-xAs 


v 0 
X"U . 1 


v-A 7 

A - U • L 


A - U • I 


Side barrier layer 12 


yes 


yes 


yes 


Thickness (angstroms) 


500 


c n n 

500 


c fi 


Composition: Al M Ga t . H As 


x=0 .05 


x-u ♦ u !> 


X-U .U5 


Quantum well layer 13 


yes 


y c *> 


VAC 

yea 


Quantity of layer 




A 


i 


Thickness (angstroms) 


80 


oU 




LOEipOS 1 C 1 On . ydy in j - yfla 




y*0 . 8 


y = 0.8 


Barrier layer 14 


yes 


yes 


yes 


Thickness (angstroms) 


50 


50 


50 


Composition: AKCai -*As 


x=0.05 


x=0.05 


x=0.05 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


80 


150 


300 


Composition: AUGai -*As 


x=0.2 


x=0.2 


x=0.2 
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5 

Table 3 



10 


Layer 


Example 7 


Example 8 


Exauple 9 


r-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 




Tbickness (angstroms) 


500 


750 


50 


15 


Composition: AUGai->As 


x = 0.2 


x=0.2 


x=0.3 




Side barrier layer 12 


yes 


yes 


yes 


20 


Thickness (angstroms) 


500 


500 


500 




Compos ition: A 1 „ G a i - * As 


x=0.05 


x=0.05 


x=0.05 


25 


Quantum well layer 13 


yes 


yes 


yes 




Quantity of layer 


4 


4 


4 


30 


Thickness (angstroms) 


80 


80 


80 




Compos it ion : Ga y Ini- y As 


y=0.8 


y=0.8 


y-0.8 


35 


Barrier layer H 


yes 


yes 


yes 




Thickness (angstroms) 


50 


50 


50 


40 


Composition: AUGai-Js 


x=0.05 


x=0.05 


x=0.05 




N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


45 


Thickness (angstroms) 


500 


750 


50 




Composition: Al^a^As 


x=0.2 


x = 0.2 


x = 0.3 



50 
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Table 4 



Layer 


Example 10 


Example 11 


Example 12 


P-type carrier blocking 
layer 5 (yes/oo) 


yes 


yes 


yes 


Thickness (angstroms) 


100 


200 


300 


Composition : Al*Gai -* As 


x = 0.3 


x=0.3 


x=0 J . 


Side barrier layer 12 


yes 


yes 


yes 


Thickness (angstroms) 


500 


500 


500 


Coapos it ion : Al*Gat ~* As 


x=0.05 


x=0.05 


x=0.05 


Quantutt well layer [3 


yes 


yes 


yes 


Quantity of layer 


4 


4 


4 


Thickness (angstroms) 


80 


80 


80 


Composition : Ga y In ( - y As 


y=0.8 


y = 0.8 


y=0.8 


Barrier layer 14 


yes 


yes 


yes 


Thickness (angstroras) 


50 


50 


50 


Composition: AUGai-*As 


x=0.05 


x-0.05 


x=0.O5 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


100 


200 


300, 


Composition: AlxGaj -*As 


x-0.3 


x=0.3 


x = 0.3 
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5 


Table 5 




Layer 


Example 1? 


Example 14 


Example 15 


1U 


F-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 




Thickness (angstroms) 


600 


50 


100 


15 


Composition: Ai*Gai - x As 


x*0.3 


x=0.4 


x-0.4 




Side barrier layer 12 


yes 


yes 


yes 


20 


Thickness (angstroms) 


500 


500 


500 




Composition: AKGai ~«As 


x=0.05 


x=0.05 


x=0.05 


25 


(Juantun well layer 13 


yes 


yes 


yes 




Quantity of layer 


4 


4 


4 


30 


Thickness (angstroms) 


80 


80 


80 




Composition: Ga^Ini- K As 


y=0.8 


y=0.8 


y=0.8 


35 


Barrier layer 14 


yes 


yes 


yes 




Thickness (angstroms) 


50 


50 


50 


40 


Composition: Al»Ga t . K As 


x=0.05 


x=0.05 


x=0.05 




N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


45 


Thickness (angstroms) 


600 


50 


100 




Composition: Al „Gai -*As 


x-0.3 


x=0.4 


x=0.4 



50 
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Table 6 



Layer 


Exasple 16 


Example 17 


Comparative 
Example I 


P-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


no 


Thickness (angstroms) 


250 


600 




Composition: AlxGa,-*As 


x=0.4 


x=0.4 


— 


Side barrier layer 12 


yes 


yes 


yes 


Thickness (angstroms) 


500 


500 


500 


Composition: AlxGai-xAs 


x=0.05 


x=0.05 


x=0.05 


Quantum well layer 13 


yes 


yes 


yes 


Quantity of layer 


4 


4 


i 


Thickness (angstroms) 


80 


80 


80 


Composition: Ga r lD,_ r As 


y=0.S 


y=0.8 


y=0.8 


Barrier layer 14 


yes 


yes 


yes 


Thickness (angstroms) 


50 


50 


50 


Coaposition: AUGai-^As 


x=0.05 


x-0,05 


x=0.05 


W-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


no 


Thickness (angstroms) 


250 


600 




Coaposition: AI*Gai - x As 


x=0.4 


x^0.4 
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Table 7 



Layer 


Exaaple 18 


Example 19 


Example 20 


P-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 


Thickness (angstro/ns) 


80 


200 


500 


Composition: 

(AljrGa) - y ) o. 51 Ino. 49P 




y=0.0 


y=0.0 


Side barrier layer 12 


yes 


yes 


yes 


Thickness (angstroros) 


500 


500 


" 500 


Conposit ion: AlxGa^xAs 


x-0.25 


x=0.25 


x=0.25 


Quantua well layer 13 


yes 


yes 


yes 


Quantity of layer 


4 


4 


4 


Th ickness (angstroms) 


50 


50 


50 


Composition: AKGai . *As 


x=0 


x=0 


x=0 


Barrier layer 14 


yes 


yes 


yes 


Thickness (angstroms) 


50 


50 


50 


Composition; AixGai -«As 


x=0.25 


x^0.25 


x=0.25 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


80 


200 


500 


Composition : 
(MyG&i-y) q. si Ino. nP 


y-0.0 


y=Q,0 


y=0.0 
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Table 8 



Layer 


Example 21 


Example 22 


Bxaople 23 


J'-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


80 


150 


300 


"Composition : 
(AlyGa, _y)o. 5 1 Ino. «gP 


y = 0.04 


y;Q.04 


y=0.04 


Side barrier layer 12 


yes 


yes 


yes 


Thickness (angstroms) 


500 


500 


500 


Composition: Al x Gai-*As 


x-0.25 


x-0.25 


x=0.25 


Quantura sell layer 13 


yes 


yes 


yes 


Quantity of layer 


4 


4 


4 


Thickness (angstroms) 


50 


50 


50 


Composition: AlxGaj-xAs 


x^0 


x^0 


x=0 


Barrier layer 14 


yes 


yes 


yes 


Thickness (angstroos) 


50 


50 


50 


Composition: AixGai-*As 


x=0.25 


x=0.25 , 


x-0.25 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


80 


150 


300 


Cooposition: 
(AI x Gai- r ) o . s i Ino. * «P 


y=0.04 


y=0.04 


y°0.04 
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Table 9 





Layer 


Bxanple 24 


Example 25 


Bxample 26 


10 


H-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 




Thickness (angstroms) 


500 


750 


50 


15 


Composition : 

(AUGa, ^)o. st loo. < a P 


y=0.04 


y-0.04 


y=0.08 




Side barrier layer 12 


yes 


yes 


yes 


20 


Th ickncss (angstroms) 


500 


500 


500 




Composition: AKGai .*As 


x=0.25 


x=0.25 


x=0.25 


25 


Quantum well layer 13 


yes 


yes 


yes 




Quantity of layer 


4 


4 


4 


30 


Thickness (angstroms) 


50 


50 


50 




Composition: AUGa^ - K As 


x=0 


x=0 


x=0 


35 


Barrier layer H 


yes 


yes 


yes 




Thickness (angstroms) 


50 


50 


50 


40 


Composition: AIxGai - K As 


x=0.25 


x-0.25 


x=0.25 




N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


45 


Thickness (angstroms) 


500 


750 


50 




Composition: 

(Al yGai *y)o. 3 J iHo. nP 


y=0.04 


y=0.Q4 


y=0.08 1 



50 



16 



EP 0 660 472 A2 



Table 10 





Layer 


Example 27 


Rxatople 28 


j Example 29 


10 


P-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 




Th ickness (angstroms) 


100 


200 


300 


15 


Composition: 

(AlyGai -y) o. silno, 49P 


y=0.08 


y=0.08 


y=0.08 




Side barrier layer 12 


yes 


yes 


yes 


20 


Thickness(angstrons) 


500 


500 


500 




Composition: Al»Gai- K As 


x=0.25 


x=0.25 


x=0.25 


25 


Quantum wel 1 layer 13 


yes 


yes 


yes 




Quantity of layer 


4 


4 


4 


30 


Thickness (angstroms) 


50 


50 


50 


Composition : Al K Ga t . «As 


x = 0 




x=0 


35 


Barrier laver Id 




yes 




Tfnckness(angst rotas) 


50 


50 


50 




Cosposition: AlxGaj-„As 


x=0.25 


x=0.25 


x=0.25 


40 


N-typc carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 




Thickness (angstroms) 


100 


200 


300 


45 


Cocaposition : 

(AlrGai- K ) 0 . si In 0 . oP J 


y=0.08 


y=0.08 


y=0.08 



50 
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Table 11 



Layer 


Example 30 


Example 31 


Example 32 


. P-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 


Thickness (angstroas) 


600 


50 


100 


Coop os i t ioa : 
(AlyGai-y)o, silno. 4 gP 


y=0.08 


y-0.12 


y-0.12 


Side barrier layer 12 


yes 


yes 


yes 


Thickness (angstroms) 


500 


500 


500 


Composition: AKGai-*As 


x=0.25 


x=0.25 


x=0.25 


Quantum well layer 13 


yes 


yes 


yes 


Quantity of layer 


4 


4 


4 


Thickness (angstroas) 


50 


50 


50 


Composition: Al K Ga t -*As 


x=0 


x = 0 


x = 0 


Barrier layer 14 


yes 


yes 


yes 


Thickness (angstroms) 


50 


50 


50 


Coapos it ion : A UGa* -*As 


x=0.25 


x=0.25 


x=0.25 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


600 


50 


100 


Composition : 
(Al v Gat.,)o. , 5i In 0 . 4*P 


y=0.Q8 


y=0.12 


y=0.12 
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Table 12 



Layer 


Example 33 


Example 34 


Example 35 


P-frvo<* rarripr hlnrt i 
r ijt'v vol i ici uiut&iii^ 

layer 5 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


250 


600 


200 


Compoe 1 t ion : 

(Al»Ga, _ r ) 0 . Sl ln 0 . <*? 


y*0.12 


y=0 .12 


y=0.25 


Side barrier layer 12 


yes 


yes 


yes 


Thickness (angstroms) 


500 


500 


500 


Composition: AUGa t - x As 


x-0.25 


x=0.25 


x=0.50 


Quantua well layer 13 


yes 


yes 


yes 


Quantity of layer 


4 


4 


4 


Thickness (angstroms) 


50 


50 


50 


Composition; AKGai -«As 


x = 0 


x = 0 


X--0.20 , 


Barrier layer 14 


yes 


yes 


yes 


Thickness(angstroais) 


50 


50 


50 


Composition: Al K Gai _ X A$ 


x-0.25 


x=0.25 


x=0,50 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


250 


600 


200 


Composition : 
(Al K Gat.|f)o.silno. 49P 


y-0.12 


y=0.12 


y=0.25 
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Table 13 



I a v P r* 


tQB^Cl <* L 1 VC 

Exanole 2 


VrOujparax l ve 
Example 4 


P-type carrier blocking 


11 u 


yes . 


Thirknp*!^t/in?<!frnin^\ 




o c n 


Composition; 

(Alv63l-v)n c 1 I fl A **P~ 




A 1 „ «- a , Ac 


Side barrier laver 17 


V f* ^ 


vac 


ThicknessfanszstromO 






Ca rnoA ^ \ fr i nn * Al fia. A <? 


x-u - Z J 


v -0 OK 


Quantum WPl 1 1 AVPr 1 


y es> 


yes 


hug. u ci Ly oi idtyer 


4 


4 


iu lCKu^dj \cingSLroBis y 


CA 


C A 


Cciirock: i 1 1 a n • A1 fin. Ao 


x-u 


v -A 


Barrier I av<sr 14 
uci 1 lei lajrci i ^ 


yes 


yes 


Th i r-U n <; ( Anp^t* i*r\m^ ^ 






Composition: Al«Gai V A<; 


A u . z y 


v -A oc 


N-type carrier blocking 
layer 3 (yes/no) 


no 


yes 


Thickness (angstroms) 




250 


Composition: 

(AlyGai - y ) o.$i ln 0 . a sP 




A 1 o , sGao . s As 



Fig. 2 shows an epitaxial growth profile of examples 1-52 and comparative example 4. Fig. 3 shows an 
epitaxial growth profile of comparative examples 1-3. Fig. 4 shows near field patterns of examples 1-3 and 
comparative example 1; Fig. 5 shows near field patterns of examples 4 to 8 and comparative example 1; Fig. 
6 shows near field patterns of examples 9-13 and comparative example 1 ; Fig. 7 shows near field patterns of 
example 14-17 and comparative example 1, Fig. 9 shows near field patterns of examples 18 to 20 and com- 
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parative example 2, Fig. 10 shows near field patterns of examples 21-25 and comparative example 2; Fig. 11 
shows near field patterns of example 26-30 and comparative example 2, Fig. 12 shows near field patterns of 
examples 31 to 34 and comparative example 2; and Fig. 14 shows near field patterns of example 35 and com- 
parative example 2. Fig. 8 expr sses the effective range of carrier blocking layer, with the width of the carrier 

5 blocking layer plotted on the axis of abscissa, and the aluminum composition difference between the carrier 
blocking layer and the waveguide layer (the aluminum composition of carrier blocking layer minus the aluminum 
composition of waveguide layer) on the axis of ordinate in case the carrier blocking layer and the waveguide 
layer are formed of mixed crystal semiconductor of GaAs and AlAs. Fig. 13 expresses the effective range of 
carrier blocking layer, with the width of the carrier blocking layer plotted on the axis of abscissa, and the energy 

10 gap difference between the carrier blocking layer and the waveguide layer on the axis of ordinate. In Figs. 8 
and 13, circles indicate examples, and numerals refer to example numbers. 

In the range above the upper right curve in Fig. 8 and Fig. 13, the anti-waveguiding function of the carrier 
blocking layer is too strong, and it has bad effect on the waveguide mode. More specifically, a dent is formed 
in the waveguide mode near the active layer, and the light confinement rate is lowered, while the oscillation 

15 threshold current increases. At the same time, the waveguide mode is largely deviated from the Gaussian pro- 
file, and an aberration occurs on the radiation pattern, Accordingly, V^VyiO is desired. In the range below 
the lower left curve, confinement of carriers is insufficient, and the temperature characteristic of the threshold 
current is worsened. An effective range is between two solid curves. Specifically, the condition 

2.5 x 103/d 2 2 < Egs - Egd < 6.2 x 1Q4/d 2 2 

20 is established. 

And in the range where 

V 0 /3 < V! < V 0 

is satisfied, the waveguiding function of the active layer is optimally corrected by the carrier blocking layer, 
and the most preferable waveguide mode is achieved. As clear from Figs. 4 to 12 and Fig. 14, the weak wa- 

25 veguide semiconductor lasers of comparative examples 1 and 2 show characteristic profiles pointed at the cen- 
ter, having exponential tails on both sides, whereas examples 1 to 35 show profiles close to the bell-shaped 
Gaussian beam. Accordingly, when using the semiconductor lasers of the examples, even in the same mode 
expanse as in the prior art, the beam intensity is low in the active layer 4 (mode center) where optical damage 
may occur, and as a result, as shown in Tables 14 and 15, together with the decrease of Al composition, the 

30 optical damage power level could be extremely raised. 

That is. in examples 18 to 35, as compared with comparative examples 1, 2, decrease of radiation angle 
and a notable improvement of optical damage level are recognized. In Tables 4-13, the oscillation wavelength 
of laser is about 810 nm to 690 nm. The optical damage level is an optical output per facet. 

In examples 1-17, the composition of the quantum well layer is Gayln^yAs (y = 0.8) and the oscillation 

35 wavelength are about 980nm, but the value of y is not limited to this, and even in a range of 0.6<y<1.0, the 
same effects of the invention as described above are obtained by changing the width of the quantum well layer 
and the composition of the waveguide layer and cladding layer. In this case, the composition of the waveguide 
layer and cladding layer is sufficient at x = 0.2 at maximum in the case of a mixed crystal semiconductor (AI^Ga^ 
x As) of GaAs and AlAs, and as judged from Figs. 15, 16, the electric resistance and thermal resistance can 

40 be lowered substantially. 

As the technology common to the examples, Se was doped at 1 x 10 18 /cm 3 in density as n-type dopant, 
and Zn was doped at the same density as p-type dopant. Stripe was formed by Zn diffusion from the surface 
through a Si0 2 mask, trial diode chips with gain guided structure were fabricated by cleaving, and the oscillation 
characteristic was measured in pulse mode after die bonding on LD mount. The characteristics of chip having 

45 a stripe width of 2.5 u.m and a cavity length of 300 jam are shown in Tables 14 and 15, where optical coating 
is not applied on both facet. 

In the examples 18-35 with (AlyGat.y^ln^P carrier block layer (0^y<0.3 and 0.20^z=i 0.83), the compo- 
sition of quantum well layer is AlxGat. x As (0^x^0.2), but this is not limited. The active layer may be the strained 
quantum well of Gajn^ 2 As (0.6<z<1.0). 

50 
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Ifl f \j n a 

Li) type 


Normal f zed 

frPfincn^Y V 


Radiation angle 
^(vertical eoitaxial dirprtjnn 


Opt ical^daaage 


K v *a m n I <■» 1 


I . 1 71 




120 


Example 2 


1 . 1 7T 


26* 


120 




I . 1 7t 


25 


120 


C A a tup I c: <t 


1 I TT 

1 - I 71 




120 




1 - 1 It 


26 * 


120 


Example 6 




25* 


130 


Cvi tuft 1 /v *7 




24* 


- 130 


Example o 


t .1 7t 


22* 


150 


Example 9 


1 -1 7t 


26* 


120 


Example 10 


{ .1 7T 


26* 


120 


Pvo run 1 a 1 1 


K 1 7T 


2? 


130 


example lz 


1 . 1 JT 


24* 


130 


Example 13 


\ A Tt 


22* 

L it 


i fin 


Example 14 


\.\7C 


26* 


120 


Example 15 


l.lTT 


25* 


130 


Example 16 


\.\7Z 


24* 


140 


Example 17 


1 . I TIC 


2r 


180 


Comporat i ve 
Example 1 J 


0 -09 ?r 


33* 


80 
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Table 15 





LD type 


Normal i zed 


Radiation. angle 
(vertlcaLfipitaxial directioju 


Optical daaage 
level (mK) 


10 


Example 18 


l.lTT 


29* 


150 




Example 19 


1 .1 TV 


27' 


160 




Example 20 


\A7C 


24* 


180 


15 


Example 21 


l.lTT 


29* 


150 




Example 22 


1.1 7t 


28* 


160 


20 


Example 23 


IAtc 


25* 


170 




Example 24 


\Atc 


23* 


170 


25 


Example 25 


\Atc 


21' 


170 


Example 26 


XAtv 


29* 


150 




Example 27 


\Ak 


28* 


160 


30 


Example 28 


IAtv 


26* 


170 




Example 29 


1 An 


25* 


180 


35 


Example 30 


1 .ITT 


21* 


180 




Example 31 


1 Ax 


29* 


130 




Example 32 




28* 


150 


40 


Example 33 


I Ax 


25* 


180 




Exaraple'34 


\An 


21* 


180 


45 


Example 35 


\Atc 


28* 


100 




Comparative 
Example 2 


0.1 71 


35* 


90 J 
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55 In the following are described embodiments 36-62 in which the A! contents of the waveguide layer, barrier 

layer, and side barrier layer in the embodiments 1-17 are changed to 0. 

By the following reasons, the Al content of these layers are changed to 0: 

1) a burying process which will be necessary for more sophisticated structure, like index guide structure, 

23 



EP 0 660 472 A2 



DFB (distributed -feed back, and so on) is facilitated, because the regrowing interface is made to be Al- 
free. 

2) the thermal and electrical resistances are optimum in the AI content x of 0. 

In examples 36 to 52, the structures thereof are the same as that in Fig. 2 and the specific constitution 
of each layer is as follows. 

3) from the practical crystal growth standpoint to obtain better crystal quality, 
n-type cap layer 11 

Thickness : 0.3 urn 

Composition : GaAs 
p-type cladding layer 7 
Thickness : 1.0 um 

Composition : Al 0 .ioGa 0 .goAs 
p-type waveguide layer 6 
Thickness : 0.80 urn 

Composition : GaAs 
n-type waveguide layer 2 
Thickness : 0.80 um 

Composition : GaAs 
n-type cladding layer 1 
Thickness : 1.0 um 

Composition : Al 0 .ioGa 0 .9oAs 
n-type buffer layer 10 
Thickness : 0.5 (am 

Composition : GaAs 
n-type substrate 8 
Composition : (100)GaAs 

In the comparative example 3, the structure thereof is the same as that in Fig. 3 and the specific consti- 
tution of each layer is as follows, 
n-type cap layer 11 
Thickness : 0.3 um 

Composition : GaAs 
p-type cladding layer 7 
Thickness : 1.5 um 

Composition : Alo.17Gao.83As 
n-type cladding layer 1 
Thickness : 1.5 um 

Composition : Alo.17Gao.e3As 
n-type buffer layer 10 
Thickness : 0.5 um 

Composition : GaAs 
n-type substrate 8 
Composition : (100)GaAs.pa 

Besides, the embodiment of comparative example 3 does not have enough temperature stability for the 
continuous operation. 
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Table 16 



10 


Layer 


Example 36 


Example 37 


Example 38 




r iypc Corner DiocKing 
layer 5 (yes/no) 


yes 


yes 


yes 


15 


Thickness (angstroms) 


80 


200 


500 




Composition: AUGat-KAs 


x=0.05 


x=0.05 


x«0.05 


20 


Side barrier layer 12 


yes 


yes 


yes 




Thickness (angstroms ) 


500 


500 


500 


25 


Composition : A 1 * Ga , _ * As 


x = 0 


x=0 


x=0 


Quantun well layer 13 


yes 


yes 


yes 


30 


Quantity of layer 


4 


4 


4 


Thickness(angstroois) 


80 


80 


80 




Composition: Ga y Ini- K As 


y*0.8 


y=0.8 


y=0.8 


35 


Barrier layer 14 


yes 


yes 


yes 




Thickness (angstroms) 


50 


50 


50 


40 


Composition: AKGai .*As 


x=0 


x=0 


x=0 




fJ-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


45 


Thickness (angstroms) 


80 


200 


500 




Composition: Al K Gai- x As 

t 


x=0.05 


x=0.05 


x=0.05 
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Table 17 



10 


Layer 


Example 39 


Example 40 


Example 41 


P-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 




Thickness (angstroros) 


80 


150 


300 


15 


Coaposi tion : Al K Gai _„As 


x=0.l5 


x-0.15 


x-0.15 




Side barrier layer 12 


yes 


yes 


yes 


20 


Thickness (angstroms) 


500 


500 


500 




Composition: Al x Gai-*As 


x=0 


x=0 


x = 0 


25 


Quantum well layer [3 


yes 


yes 


yes 




Quantity of layer 


4 


4 


4 


30 


Thickness(angstroos) 


SO 


80 


80 




Composition: GayIni->,As 


y=0.8 


y=0.8 


y=0.8 


35 


Barrier layer 14 


yes 


yes 


yes 




Thickness(angstroHs) 


50 


50 


50 


40 


CoEiposition: Al„Ga'i_KAs 


x=0 


x = 0 


x-0 




N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


45 


Thickness (angstroms) 


80 


150 


300 




Conposltion: AkGa^xAs 


x-0 . 15 


x=0.l5 1 


x=0 .15 



50 
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Table 18 



Layer 


Exanple 42 


Example 43 


Example 44 


P-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


500 


750 


50 


Composition ; AUGai -« As 


x=0.15 


x=0.15 


x=0.25 


Side barrier layer 12 


yes 


yes 


ves 


Thickness (angstroms) 


500 


500 


500 - 


Composition: AkGai - *As 


x*0 


x=0 


x=G 


Quantum well layer 13 


yes 


yes 


yes 


Quantity of layer 


4 


4 


4 


Thickness (angstroms) 


80 


80 


80 


Composition: Ga y In,->-As 


y-0.8 


y = 0.8 


y=0.8 


Barrier layer 14 


yes 


yes 


yes 


Thickness (angstroms) 


50 


50 


50 


Composition: AUGa,. x As 


x--0 


x-0 


x=0 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


500 


750 


50 


Composition: Al*Ga,-<As 


x = 0. 15 


x=0.l5 


x=0.25 
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Table 19 



Layer 


R va Pin 1 a AH 


Example 46 


Example 47 


P-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


100 


ZUU 


300 


Composition: AixGa^As 


x=0.25 




x=0.25 


Side barrier layer 12 


yes 


yes 


yes 


Thickness (angstroms) 


son 

J V v 




500 


Composition; Al*Ga,.xAs 


A - U 


x = Q 


x = 0 


Quantum well layer 13 


J CD 


yes 


yes 


Quantity of layer 


A 

H 


i 


4 


Thickness(angstroms) 


V v . 


oU 


80 


Composition: Ga y Ini. y As 


y=0.8 


y=0.8 


y - v . a 


Barrier layer 14 


yes 


yes 


yes 


Thickness (angstroms) 


50 


50 


50 


Composition: AKGai .«As 


x=0 


x=0 


x=0 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


100 


200 


300 


Composition: AlxGa,-*A3 


x=0.25 


x^0.25 


x-0.25 



28 



EP 0 660 472 A2 



Table 20 



Layer 


Example 48 


Example 49 


Example 50 


F-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


yes 


Th ickness (angstroms) 


600 


50 


100 


Composition: AUGai. K As 


x=0.25 


X--0.35 


x=0.35 


Side barrier layer 12 


yes 


yes 


yes 


Thickness (angstroms) 


500 


500 


500 


Composition: AUGa, - x As 


x = 0 


x = 0 


x=0 


Quantum well layer 13 


yes 


yes 


yes 


Quantity of layer 


4 


4 


4 


Thickness (angstroms) 


SO 


. 80 


80 


Composition: Ga„In,- y As 


y=0.8 


y=0.8 


y=0.8 


Barrier layer 14 


yes 


yes 


yes 


Thickness (angstroms) 


50 


50 


50 


Composition : AUGai - K As 


x=0 


x = 0 


x=0 


N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


yes 


Thickness (angstroms) 


600 


50 


100 


Composition: Al«Gai -kAs 


x=0.25 


x=0.35 


x=0.35 



29 



EP 0 660 472 A2 



s Table 21 





Layer 


Example 51 


Example 52 


Comperat ive 
Example 3 


10 


P-type carrier blocking 
layer 5 (yes/no) 


yes 


yes 


no 




Thickness (angstroms) 


250 


600 




15 


Compos ition: Al xGa, _ „As 


x^0.35 


x~0.35 






Side darner layer 12 


yes 


yes 


yes 


20 


Thickness (angstroms) 


500 


500 


500 




Cojoposi tion : Al xGa. As 


x = 0 


x*0 


x = 0 


25 


Quantum well layer 13 


yes 


yes 


yes 




Quantity of layer 


4 


4 


4 


30 


Thickness (angstroms) 


80 


80 


80 




Composition : Ga r I n i - yAs 


y-0.8 


y=0.8 


y=0.8 


35 


Barrier layer 14 


yes 


yes 


yes 




Thickness (angstroas) 


50 


50 


50 


40 


Compos ition: Al «Gaj - x As 


x*0 


x=0 


x*0 




N-type carrier blocking 
layer 3 (yes/no) 


yes 


yes 


no 


45 


Thickness (angstroms) 


250 


600 






Composition: AI x Ga,-xAs 


x-0.35 


x=0.35 
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55 
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Table..22 



ID type 


Normal ized 
freouencv V? 


Radiation angle 
(vertical *oitaxial direction) 


Optical danage 
level (dK) 


Example 36 


l.l/r 


26* 


nor measured 


Example 37 


l.lTT 


26* 


not measured 


Example 38 


1 . 1 it 


25* 


not measured 


Example 39 


l.l/r 


26* 


not measured 


Example 40 


1 . 1 n 


26 


1 o U 


Example 41 


l.i* 


25* 


200 


Example 42 


l.l it 


24* 


200 


Example 43 


l.l/r 


22* 


230 


Example 44 


1 An 


26* 


180 


Example 45 


1 , 1 K 


26* 


ISO 


Example 46 


l.lTT 


25* 


200 


Example 47 


1 .1 7T 


24* 


200 


Example 48 


1 A7Z 


22* 


220 


Example 49 


{A* 


26* 


180 


Example 50 


I A 7Z 


25* 


200 


Example 51 


I An 


24* 


210 


Example 52 


\An 


21* 


270 


Comparat i ve 
Example 3 


0.09 7T 


33* 


120 


Lomparat i ve 
Example 4 


1.1 TP 


25* . 


180 
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Examples 36 to 52 correspond to examples 1 to 1 7, respectively, and comparative example 3 corresponds 
to comparative example 1, The deviation of radiation angle between the corresponding ones is less than 1%, 
and the waveguide mode profiles can be regarded as same. The positioning in Fig. 8 is also same with each 
corresponding one. The improvement of COD level can be seen in the Tables 14 and 22. 

5 Fig. 17 shows the characteristics of the laser power versus injection current of the typical embodiments 

(example 33 and 51, and comparative example 4) with the device parameters optimized for continuous oscil- 
lation mode. For these devices, the stripwidths are 50 \im, the cavity lengths are 900 urn, and the optical coat- 
ings with the reflectivities of 4% and 96% were applied on the front and rear facets. 

Comparative example 4 has the same epitaxy structure with example 33, but the (Al 0 .i2Ga 0 .e8)o.5ilno.49P 

10 carrier block layers are replaced by Alo.5Gao.5As carrier block layers with the same thickness. 

The output power levels of the these embodiments are higher than the values reported for the conventional 
broad-area laser diode with the same stripe width. Also, example 33 (shown in Table 12) and example 51 
(shown in Table 21) were proved to be superior to the comparative example 4 with the composition of the Al- 
GaAs to in the carrier block layer and of the GaAs in the quantum well layer (shown in Table 13). 

15 In particularly, the maximum laser power is about 2W for comparative Example 4 as compared to about 

2.6W for Example 33 and about 2.8W for Example 51 . 

The invention may be embodied in other specific forms without departing .from the spirit or essential char- 
acteristics thereof. The present embodiments are therefore to be considered in ail respects as illustrative and 
not restrictive, the scope of the invention being indicated by the appended claims rather than by the foregoing 

20 description and all changes which come within the meaning and the range of equivalency of the claims are 
therefore intended to be embraced therein. 



Claims 

25 

1 . A semiconductor laser device comprising: 

an active layer, carrier blocking layers for reducing the waveguide function of the active layer, dis- 
posed on both sides of the active layer, 

waveguide layers disposed on both outer sides of the carrier blocking layers, and 
30 cladding layers disposed on both outer sides of the waveguide layers, 

wherein the active layer comprises a lamination of side barrier layers and a quantum well layer 
sandwiched therebetween, or a lamination of outermost side barrier layers, and at least two quantum well 
layers and barrier layers sandwiched between adjacent quantum well layers and 

the composition of the quantum well layer is Ga^n^ yAs (0.6<y<1 .0), and the carrier blocking layers 
35 are made of a material whose band gap is larger and whose refractive index is lower than the material of 

the waveguide layers. 

2. The semiconductor laser device of claim 1, wherein the composition of the waveguide layers is A^Ga^ 
x As and the composition of the cladding layers is A^Ga^ x As, where, 0^x<0.20. 



40 



45 



50 



55 



3. The semiconductor laser device of claim 2, wherein the refractive index of the waveguide layers increases 
gradually in the direction from the cladding layers side toward the carrier blocking layers side. 

4. The semiconductor laser device of claim 1, wherein the index (normalized frequency) V 0 for expressing 
the waveguiding function of the active layer is defined as 

V 0 = K-d^MN^-No 2 ) 0 - 5 

wherein n is the ratio of the circumference of a circle to its diameter, X. is the oscillation wavelength, d t is 
the thickness of the quantum well layer, N 0 is the refractive index of the waveguide layer, employing the 
maximum value when a refractive index distribution exists in the waveguide layer, and is the refractive 
index of the quantum well layer: and in the case of an active layer with m quantum well layers, V 0 is mul- 
tiplied by m, 

the Index Vt (normalized frequency) expressing the anti-waveguiding function of the carrier block- 
ing layers is defined as 

V! = n d 2 /X (N 0 2 - N 2 2 ) 0 - 5 

where d 2 is the thickness of the each carrier blocking layer, and N 2 is the refractive index of the carrier 
blocking layers, 

the index V 2 (normalized frequency) expressing the waveguiding function of the waveguide layers 
is defined as 
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V 2 = k d 3 a • (No 2 - N 3 2 ) 0 - 5 
where d 3 is the thickness between both cladding layers, and N 3 is the refractive index of the cladding lay- 
ers, and v^ and V 2 are in the following range: 

V^Vj/IO. 

The semiconductor laser device of claim 1 , wherein the index (normalized frequency) V 2 for expressing 
the waveguide function of the waveguide layer is defined as 

V 2 = 7i d 3 /X - (N 0 2 - N 3 2 )°-5 
wherein n is the ratio of the circumference of a circle to its diameter, X is the oscillation wavelength. d 3 is 
the thickness between both cladding layers, and N 3 is the refractive index of the cladding layer, and 
the index V 2 is in the following range: 

tc/3 < V 2 < 2k. 

The semiconductor laser device of claim 4, wherein the composition of the carrier blocking layers is Al z . 
+d Z Ga 1 . 2 _ dz As, the composition of the waveguide layers is A^Ga^As (where the minimum value is em- 
ployed in case z is variable), and the thickness of the carrier blocking layers is d 2 (angstroms), and, in 
this condition, dz (atomic ratio) is in the following range: 

dz>2.2 x 10 3 /d 2 2 

dz<5.0 x 1fJ4/d 2 2 

The semiconductor laser device of claim 4, wherein V 0 and V*! are in the following range: 

Vo/3< V t <V 0 . 

A semiconductor laser device comprising an active layer, wherein carrier blocking layers provided on both 
outer sides of the section of an active layer formed in the vertical direction from the device surface, where- 
in 

the active layer comprises a lamination of side barrier layers and at least two quantum well layer 
sandwiched therebewteen, or a lamination of outermost side barrier layers, and at least two quantum well 
layers and barrier layers sandwiched between adjacent quantum well layers, 

waveguide layers are provided on both outer sides of the carrier blocking layers, 
cladding layers are provided on both outer sides of the waveguide layers, and wherein 
the composition of each quantum well layer is A^Ga^As (0^x^0.2) or Ga^^As (0.6<z<1.0), 
the composition of the carrier blocking layers is (AlyGa^y^ln^-P (0^y<0.3, 0.20^z'^0.83), and 
the waveguide layers and cladding layers are composed of GaAs, or mixed crystal semiconductor 
of AlAs and GaAs. 

The semiconductor laser device of claim 8, wherein the refractive index of the waveguide layers increases 
gradually in the direction from the cladding layers side toward the carrier blocking layers side. 

The semiconductor laser device of claim 8 wherein the index (normalized, frequency) V 0 for expressing 
the waveguide function of the active layer is defined as 

V 0 = k d,/X • (N, 2 - No 2 ) 0 - 5 
where n is the ratio of the circumference of a circle to its diameter, X is the oscillation wavelength, is 
the thickness of the quantum well layer, N 0 is the refractive index of the waveguide layer; employing the 
maximum value when a refractive index distribution exists in the waveguide layer, and N, is the refractive 
index of the quantum well layer; in the case of a multi-quantum well with m quantum well layers, V 0 is 
multiplied by m, 

the index V, (normalized frequency) expressing the anti-waveguide function of the carrier blocking 
layers is defined as 

V, = k d 2 A. • (No 2 - N 2 2 ) 0 - 5 
where d 2 is the thickness of the carrier blocking layers, and N 2 is the refractive index of the carrier blocking 
layers, 

the index V 2 (normalized frequency) expressing the waveguide function of the waveguide layers 
is defined as 

V 2 = re ■ dJX (N 0 2 - N 3 2 )0-s 
where d 3 is the thickness between both cladding layers, and N 3 is the refractive index of the cladding lay- 
ers, and and V 2 are in the following range: 

V, < V 2 /10. 
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The semiconductor laser device of claim 8, wherein the index (normalized frequency) V 2 for expressing 
the waveguide function of the active layer is defined as 

V 2 = n *d 3 /X - (No 2 - N 3 2 ) 0 - 5 
(wherein n is the ratio of the circumference of a circle to its diameter, X is the oscillation wavelength, d 3 
is the thickness between both cladding layers, and N 3 is the refractive index of the cladding layers, and 
the index V 2 is in the following range: 

jc/3 < V 2 < 2k 

The semiconductor laser device of claim 10, wherein the relation of the energy gap Eg S (eV) of the carrier 
blocking layers, the thickness d 2 (angstroms) of the carrier blocking layers , and the energy gap E gd of 
the waveguide layers (eV), (the minimum value is employed in case there is a distribution in the energy 
gap) is in the following range: 

E gs -E gd >2.5x103/d 2 2 
E gs - E gd <6.2 x 1(Wd 2 2 

The semiconductor laser device of claim 10, wherein V 0 and Vi are in the following range: 

Vo/3 < V! < V 0 . 
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FIG. 2 
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FIG. 5 
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FIG. 6 
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fig. a 
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FIG. 13 




0.00 I 1 1 1 1 1 i 1 1 [ ; 1 ; , ~ 



0.00 200.00 400.00 . 600.00 800.00 

CARRIER BLOCKING LAYER THICKNESS (A) 



EP 0 660 472 A2 



FI G. U 



2.00 



1.75 



1.50 



1.25 



1.00 



0.75 



0.50 



- 










- 




i 
♦ 


T 








1 


EXA 


4PLE 35 




- 




< 
'* 

i 
c 

i 

i 

£ 


> / 
v / 
\- / 


COMPARATIVE 
EXAMPLE 2 




« / / 
t / / 

t / / 








- 




2 M 

u 


i/ / 
V ^ / 




- 




i * 

I * 
/ ? 

/ i 


* I 
i \ 

* \ 

T: \ 

- \ 








/ * 

/ i 
i * 

/ ** 
i * 

/ ^ 


i \ 

t \ 








/ f 

/ Z 


t. \ 

\ 






I I i i 


/ / 

1 :» 

I A 

1 T "I ' t 


r~ . I i 


r - \ i i 



-1.50 -0.75 0.00 0.75 1. 

EPITAXIAL VERTICAL DIRECTION (^m) 



EP 0 660 472 A2 



FIG. 15 
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FIG. 17 
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